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Regeneration treatment via gene transfection








論 文 内 容 要 旨
[Background] Bacterial infections could occur during the introduction of artificial material into oral 
tissues. Therefore, it is ideal to use biomaterials with anti-bacterial effects for tissue regeneration 
therapy. Furthermore, during the repair or regeneration of complex tissues such as periodontal 
tissues, several growth factors participate in complex interactions at different stages. Therefore, the 
several growth factors releasing system is need in using tissue engineering technique. However, the 
local yield of a growth factor is an important consideration for the success of tissue regeneration 
therapy. Relationships of plasmid DNAs dose and yield of growth factors released is not well-known. 
This study aimed to investigate the anti-bacterial effects of a protamine-coated calcium phosphate 
gene transfection vector (CaP), its relationship with the plasmid DNA dose and yield of released 
growth factors observed after gene transfer in vitro and in vivo for establishing several growth 
factor-releasing systems using gene transfer. 
[Materials and Methods] Bone morphogenetic protein (BMP) and insulin-like growth factors 
(IGFs) were used. Firstly, the anti-bacterial effects of different dose of protamine-loaded calcium 
phosphate nanoparticle gene transfection vector were investigated using Aggregatibacter 
actinomycetemcomitans and Streptococcus mutans. Next, the combined effect of using a different 
ratio of BMP-2 and IGF-1 was investigated in MC3T3E1 cells by PCR test using aqueous solutions, 
including BMP-2 (2 nM) or IGF-1(6, 12 or 24 nM), before an experiment involving CaP nanoparticles. 
Finally, for determination of the yield of growth factors released owing to gene transfer, CaP 
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to treat MC3T3E1 cells, and the yield of released BMP-2 or IGF-1 was measured by ELISA four 
days later. Collagen scaffolds containing CaP nanoparticles were implanted into rat cranial bone 
defects and yields of BMP-2 and IGF-1, bone formation and bone mineral density enhancement were 
evaluated 28 days after gene transfer.
[Results] Protamine-loaded CaPs successfully inhibited the proliferation of both bacteria, depending 
on the protamine dose, while the cell viability after incubation with CaPs loaded with protamine 
was lower than that of CaPs without protamine or in the control. Based on these results, CaP/
protamine-10 (protamine 10 mg mL-1) was used for further gene transfection experiments. The 
combined treatment of BMP-2 (2 nM) and high IGF-1 concentrations (12 or 24 nM) increased mRNA 
gene expression levels of ALP, OCN, and Runx2, as compared to that of BMP-2 alone, while that of 
BMP-2 (2 nM)/ IGF-1(6nM) showed no significant differences. These results indicate that combined 
treatment with BMP-2 and a high concentration of IGF-1 increased bone formation activity. With 
regard to the gene transfection efficiency, BMP-2 and IGF-1 were released simultaneously after gene 
transfer; the loaded dose of plasmid DNA encoding IGF-1 did not impact the BMP-2 or IGF-1 yield. 
Immunohistological analysis results also supported this result., which indicates that the different 
dose of loaded plasmid-DNA in CaP nanoparticle doesn’t influence the yield of released growth 
factors resulting from gene transfer. There was no statistically significant differences in new bone 
formation ratio and bone mineral density. These results suggested that the yield of released growth 
factors resulting from gene transfer might be too small to promote bone regeneration for 28 days.
[Conclusion] Two growth factor-releasing systems were developed using a novel antibacterial gene 
transfer vector and the relationship between the loaded plasmid DNA dose and resultant growth 
factor yield was determined in vitro and in vivo. However, the selection of an appropriate growth 
factor (such as BMP-9) that can induce high bone formation activity at low concentrations should be 
considered for improved gene transfection therapy.  







ラスミDNA量と細胞賦活因子の徐放量を in vitro，in vivoで検証したものである。また歯周組織再生
療法の際の細菌感染を予防するため，抗菌性の付与についても検討している。
研究では，リン酸カルシウムナノ粒子をプロタミンで覆うことでプロタミン濃度依存的に抗菌性
が向上するが，同時に細胞親和性が低下することをすることを明らかにした。また濃度の異なる
BMP-2とIGF-1の相互作用を検証し，BMP-2(2ｎM)とIGF-1（24ｎM）の組み合わせでMC3T3E1細胞の
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ALP,OCN,Runx2の遺伝子発現量を有意に上昇させることを明らかにした。この結果を基に，搭載する
プラスミドDNA量の異なるリン酸カルシウムナノ粒子を作成し，in vitro，in vivoにおいて遺伝子導入
効率をELISA試験にて評価し，BMP-2及びIGF-1を同時に放出することを確認した。
しかし，搭載するプラスミドDNAの含有量を変えた際に徐放されるBMP-2及びIGF-1の量，さらに
リン酸カルシウムナノ粒子埋植後の骨欠損部における骨形成量，骨密度に有意差は認められなかった
ことから，細胞への遺伝子導入技術による細胞賦活因子の徐放量には上限があることを示唆している。
以上から，搭載するプラスミドDNAとそれによって徐放される蛋白量の相関関係を明らかにした点，
またプロタミンを付与することでリン酸カルシウム遺伝子導入ナノ粒子に抗菌性を具備させることが
できることを示した点は，遺伝子導入技術を応用した組織再生治療の今後の発展に大きく貢献するも
のと思われる。また本リン酸カルシウムナノ粒子遺伝子導入剤は粉状であり，これまで歯周組織再生
療法において感染が報告されているGTR膜や骨補填材に付加可能であり，同材料に抗菌性を具備させ
ることができる可能性を示した。さらに，BMP-9等のより強い硬組織誘導能を持つ細胞賦活因子のプ
ラスミドDNAを搭載することで，既存の生体材料に抗菌性に加えて硬組織誘導作用など新たな効果を
付与することも期待できることから，新たな歯周組織再生療法の展開への可能性を示しており，今後
の展開が期待される。
よって本論文は，博士（歯学）に相応しいものと判断される。
